
EXPERIMENTS ON WHITE LEAD 

BY R. STUART OWENS 

This work was undertaken to determine, if possible, in 
what way and to what extent the character of precipitated 
white lead varied with the conditions of precipitation. The 
Dutch process for making white lead seems still to be the 
standard one although it is slow and consequently ties up a 
large amount of capital. Holleyl cites the Carter process, the 
Rowley process, and the Matheson process as rapid processes 
which are on a commercial basis. No electrolytic process 
seems to be a commercial success as yet, though the rapidity 
and control of corrosion is a strong argument in favor of an 
electrolytic process. The difficulty is that the electrolytic white 
lead is probably coarser in grain and consequently lacks cover- 
ing power. It also requires a large amount of oil. This latter 
difficulty is said to be overcome by a process patented in 1907, 
by Mr. E. A. Sperry, the substance of which is as follows: 

“For the electrolytic production of a lead pigment a 
previous electrolytic treatment of the lead is stated to be 
highly advantageous, whereby the lead is used as anode and 
deposited on the cathode, the cathode product being then 
used for making the pigment. For example, white lead pro- 
duced electrolytically absorbs as high as 2 0  drops of oil per 
gram to bring it to a standard paste, whereas, by using the 
cathode product of the first electrolysis as anode in the sec- 
ond, the particles may be rendered harder, thus forming 
crystals which work smoother under the brush, as well as 
possessing other qualities which make it more desirable. Prob- 
ably the most distinguishing feature is that the white lead 
so formed is said to bring down the oil absorption to between 
3 or 4 drops per gram, a reduction of something over 75 per- 
cent in the amount of oil required.” 

“The Lead and Zinc Pigments,” 74, 85, IOI (1909). 
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It is difficult to see how the precipitation of an electro- 
lytically formed lead salt can depend on the physical charac- 
teristics of the lead anode, though the efficiency of corrosion 
might be affected. Unless the first electrolysis caused a re- 
fining of the lead, it is extremely improbable that the results 
are due to the alleged cause. 

White lead is known to be a definite compound,l 

(PbCO&PbOzHz, 
and the commercial white leads do not vary much from this 
composition. Experiments were therefore made on the pre- 
cipitation of lead carbonate, lead hydroxide, and basic lead 
carbonate, from solutions of varying concentrations and at 
varying temperatures. Solutions of sodium hydroxide, so- 
dium carbonate, and lead acetate were made up of concentra- 
tions varying from normal to sixty-fourth normal-the word 
normal being used in the sense of equivalent concentration 
and not of molecular concentration. For this work a normal 
solution of sodium carbonate or caustic soda contains twenty- 
three grams of sodium to the liter and a normal solution of 
lead acetate contains 103 . 5  grams of lead to the liter. Strictly 
speaking, only the normal solutions were made up accurately, 
the others being prepared by adding 500 cc. water to 500 cc 
of the preceding solution. The error due to contraction or 
expansion is presumably negligible for work of this type and 
has been so considered. 

It seemed desirable to find out what variations in crystal 
size might be expected. Since moderately high concentra- 
tions of the precipitating agents and moderately low tempera- 
tures are favorable in general to the production of small crys- 
tals, precipitations were first made from normal solutions at 
room temperature and from N/16 solutions at  higher tem- 
peratures. The precipitated crystals were examined in the 
mother liquor under the microscope, using an eyepiece with 
a micrometer scale. The data are given in Table I :  

Hawley: Jour. Phys. Chem., IO, 654 (1906). 
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The lead carbonate precipitates vary in a ratio of 
about one to two and the lead hydroxide precipitates in a 
ration of nearly one to forty. A series of runs was therefore 
made. The solutions were all precipitated by pouring 50 
cc lead acetate solution into a beaker in a constant tempera- 
ture water bath and adding an equal volume of the corre- 
sponding hydroxide or carbonate solution to it. The tempera- 
ture given is that of the water bath and not necessarily of the 
solutions. During precipitation the solutions were stirred by 
an electrically driven stirrer. The importance of this has been 
emphasized by.Free.' The data for lead carbonate are given 
in Table 11: 

TABLE I1 
Lead Carbonate 

Solution Temperature 

2 0  O 

20°  

20  O 

60 O 

2 0  O 

74 O 

80 O 

20 O 

45 O 

7 0 °  
70 O 

20 

~- 
~ - 

Diameter 
in mm/Iooo 

I .o, I . 2 ,  I .o 
1.4, 1 .4  
1 .8 ,  1 . 8  
2 .o 
2 . 0  
2 . 0  
2 .o 
2 . 3  
2.3 
2.4  
2.5 
Milky solution 

Jour. Phys. Chem., 13, 128 (1909). 
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The particles from the N/2 solutions settled more rapidly 
than those from the N/I solutions. The particles from the 
N/4 solutions settled rapidly and appeared as rounded masses. 
From the N/8 solutions rounded egg-shaped masses were 
obtained. With N/16 solutions a very uniform field of round- 
shaped particles was obtained at  20' while at  70' and 8oo 
the particles were slightly transparent. With N/32 solutions 
at  20' and 4.5' a milky liquid was obtained, which required 
over twenty-four hours to clear, rounded globular shaped 
particles settling. When precipitated at  70' the solution 
cleared in about twelve hours, rounded globular shaped 
particles separating. With N/64 solutions no precipitates 
were obtained from the slightly milky solutions when allowed 
to stand for three days at  room temperature, regardless of 
the temperature of precipitation. 

These results are in harmony with those obtained by 
Free1 in his work on lead chromate. Free found that "in 
the very dilute solutions lead chromate remains in colloidal 
solution for several days," and that the largest crystals are 
obtained in hot and dilute solutions. The mean-size of the 
particles is of course given by the amount of lead carbonate, 
in excess of that required to  saturate, divided by the number 
of particles. If the number of particles decreased propor- 
tionally to the supersaturation, the size of the particles would 
remain constant. If the number of particles falls off 
more rapidly than the supersaturation, the size of the parti- 
cles will increase with increasing dilution of the reacting 
solutions; the size of the particles will decrease if the number 
falls off less rapidly than the supersaturation. In  concentrated 
solutions the precipitation takes place so rapidly that the crys- 
tals do not have time to  grow, which is another way of saying 
that the number of nuclei is relatively high. With more dilute 
solutions we usually say that the crystals have time to grow; 
but we could equally well say that there are relatively fewer 
nuclei formed. With very dilute solutions the crystals are 

Jour. Phys. Chem., 13, 130 (1909). 
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not large because there is nothing left in the solution after 
the nuclei are formed. In other words, the number of the 
nuclei does not decrease anything like so rapidly as the super- 
saturation. This is not inconsistent with the fact that the 
mineralogists obtain crystals of insoluble substances by al- 
lowing dilute solutions to diffuse together slowly. A colloidal 
solution may perfectly well give rise to relatively large crys- 
tals in the course of sufficient time, because the very fine parti- 
cles are more soluble than the relatively large crystals. On 
the other hand, it is not yet clear how one could predict 
that the relative number of particles will first decrease and 
then increase with decreasing supersaturation. It is not a t  
all what one would expect from Tammann's experiments on 
the behavior of supercooled liquids. 

The data for lead hydroxide are given in Table 111: 

TABLE 111 
Lead Hydroxide 

_ _ _ _ _  -_  __ - ______  _ _ _ _ _ ~ - ~  -~ 

Diameter 
in rnrn/rooo Solution 1 Temperature 1 

2 0  O 

2 0  O 

2 0  O 

48 O 

70 O 

2 0  O 

66 
66 

1 . 0 ,  1 . 0  

1 . 5 ,  1 . 5  
7 . 5  ( 1 . 5  wide) 
1 2 . 5  
1 5 . 0  
25 .o 
I 7 . 5  (crosses) 
I 2 . 5  (cubes) 

3 0  (white) 
2 8  3 0  (white) 
2 0 °  3 7 . 5  (needles) 
60 3 7 . 5  (no needles) 
20' 1 Whitish precipitate 

With N / 2  solutions rounded masses of lead hydroxide 
were obtained. With N / 4  solutions a mixture of needles 
and skeletons were obtained at 20'; at  48' a uniform field of 
crosses was obtained; and at  70' a less uniform field composed 



466 R. Stuart Owens 

chiefly of crosses with pointed ends. With N/8 solutions 
there were only crosses at  20" but they were filled out better 
than with the more concentrated solutions. At 66" there was 
a slightly yellow precipitate and the crosses were nearly 
filled out, so that there was a gradual gradation from crosses 
to lop-sided cubes. At 47" the yellowish precipitate was 
lighter than at  66". The crystals were crosses of varying 
sizes; but only a few were nearly filled out. At 33' there 
were hardly any well-formed crystals, mostly all being skele- 
tons. A t  28' there were no cubes. Both at  28' and 33' 
there was no yellow precipitate. With N/16 solutions at  
20" the crystals were all long yellowish needles of different 
sizes. At 60' there was a distinct yellow color but no,crystal 
needles. With N / 3 2  solutions at  20" a whitish precipitate 
was obtained but no distinct crystals were noted. 

The general conclusions from the experiments given in 
Tables I1 and I11 are as follows: 

I .  The size of the precipitate varies with the conditions 
under which it is formed. 

2. As with other substances, larger particles of lead 
carbonate and of lead hydroxide are obtained from hot, dilute 
solutions than from cold, concentrated ones. 

3. The lead carbonate could not be obtained as definite 
crystals, the prevailing form being rather that of an egg. 
The globules of the lead carbonate, thus produced, appeared 
translucent under the microscope. 

4. The lead hydroxide was obtained in definite crystal- 
line form, varying from needles to what appeared to be lop- 
sided cubes. The size of the particles could be varied much 
more than in the case of the lead carbonate. 

Some years ago it was pointed out1 that one could start 
with a coarse and a fine lead hydroxide and a coarse and a fine 
lead carbonate and could combine these in four different 
ways, thereby getting the possibility of four different white 
leads. This experiment was tried, starting with lead hydrox- 

1 Bancroft: Trans. Am. Blectrochem. SOC., 1% 150 (1908). 
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ide and lead carbonate precipitated at 20' from N/I,  N / 8  
and N/16 solutions. The moist precipitates were mixed in 
the proper proportions, covered with dilute sodium acetate 
solution, stirred occasionally, and left a t  room temperature 
until equilibrium was reached. Tests were made from time 
to  time to  see whether any particles of the original substances 
remained. Equilibrium was always reached inside of twenty- 
four hours. All possible combinations were tested. 

The resulting particles of white lead did not seem to pos- 
sess a definite crystalline form and were all of the same size, 
shape, etc., irrespective of the size of the original reacting 
particles. The average size of the particles was 0.0015 mm; 
while most of them were rounded, a good many were elliptical 
and all appeared translucent. The most probable explana- 
tion for this result is that the solid lead carbonate and lead 
hydroxide did not react directly to any appreciable extent 
and that the white lead was formed by the interaction of lead 
carbonate and lead hydroxide dissolved in the dilute sodium 
acetate solution. Experiments were also made with gN, 
N/I, N / g ,  and N/50 sodium acetate solutions at  20'; with 
practically the same results. At higher temperatures equi- 
librium was reached more rapidly; while there seemed to be 
a slight difference in the size of the particles, the amount of 
change could not be estimated. This is probably due to  
the fact that the higher temperature and the more rapid 
reaction counterbalance each other. 

It was next decided to mix the sodium hydroxide and the 
sodium carbonate solutions in the ratio of one to  two, and then 
to  pour this mixed solution into an equivalent lead acetate 
solution, varying the concentrations and the temperature. 
The data are given in Table IV. 

Experiments were made only at the two extreme tempera- 
tures because it was thought that sufficient data would be 
obtained thereby for present purposes. It is not clear why 
the particles should be smaller at the higher temperature 
than at the lower. It is possible that the agglomeration 
at the higher temperature has given rise to a denser form. 

. 
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The time at my disposal did not permit of a further study 
of this unexpected phenomenon. The data show that the 
average size of the particles of white lead can be varied from 
0.0008 mm to 0.0020 mm without having recourse to solu- 
tions more dilute than N/16. While this change in size is 
not very large, it shows the possibility of making a number 
of white leads, having different physical properties, though 
identical in chemical composition. 

TABLE IV 
White Lead 

______ - __ __ - - -  

~ Diameter in mm/Iooo I 
Lead acetate 1 

solution 

NlI  1 . 2 5  0 . 8  I 
N / z  , 

1.8 1 1.6 
0 . 2  I 1 . 6  

N/16 

N/64  1 0 .2  , 0 . 2  

2 . 0  
N / 4  
N / 8  

N/32  

Appearance 

Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 
Rounded and translucent 

The next step was to determine which size of particle 
was best for commercial purposes; but owing to lack of time, 
this point was not worked out thoroughly. Covering power, 
durability, oil absorption, and the ease with which the pig- 
ment may be worked under the brush should be considered. 
The oil absorption was first tested on the laboratory scale; 
working under the brush was then tested, and a few pieces 
of wood were painted so as to obtain some idea of the cover- 
ing power, but nothing whatever was done in the way of 
testing durability. 

Correspondence as to the best method of determining -oil 
absorption brought out very little except advice to consult a 
practical painter. Anybody who has had any experience 
with a so-called practical painter knows that it would have 
been an absolute waste of time to follow this advice. Conse- 
quently, a method of determining oil absorption was worked 
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out which had the merit of giving very interesting results 
and which probably possessed a fair relative accuracy. Of 
course no method can be called accurate which depends in 
such a way on the sense of touch. The method employed 
was to use a convenient receptacle into which any known 
weight of the dried white lead was placed. The linseed oil 
was allowed to run in from a burette until a certain consistency 
was reached. In  this work a three-inch agate mortar and 
pestle was used. Five or ten grams of white lead were placed 
in  the mortar and the oil was allowed to drop into the pigment 
with which it was carefully mixed. The process was con- 
tinued through the granular state until the mixture finally 
became pasty and sticky. When the mass became so sticky 
that the mortar could be lifted by the pestle adhering to the 
paint, the cubic centimeters of added oil were noted, as this 
seemed to be a fairly accurate reproducible end-point. 
This end-point differs very much from that selected by the 
painter; but each end-point could be expressed in terms of 
the other by anybody who knew what the painter’s end- 
point was. 

The data are given in Table V: 

TABLE V 
Oil absorption with precipitated white lead 

_ _  ~~ _ _ _ _ _ _ ~ _ _  
~~ __  

1 cc oil used 1 Pigment in grams Size of crystals 
in rnm/Iooo 

2 . 2  
2 .o 
I .6 
1.4 
0.8 

1.1 
I .o  
0 . 9  
0.85 
0.55 

These results show that the amount of oil needed does 
not increase proportionately to the size of the particles; but 
it also shows conclusively that there is a marked difference in 
the amount of oil needed to produce the given end-point. 

The following qualitative observations were made on 
t h e  covering power as affected by size of particles. Paints 



470 R. Stuart Owens 

made from the larger particles and from the smaller ones were 
applied to pieces of wood previously painted with a black 
of unknown composition. A given weight of dry white lead 
was mixed with a given number of cubic centimeters of oil 
and all of the same was applied with a clean brush to a 
board of standard size. After drying for twenty-four hours, 
the pieces of wood were examined and i t  was found that the 
paint made from the smaller particles was far superior to that 
made from the larger ones. A second coat of paint was given 
to the piece of wood which had been painted with paint made 
of the larger particles; but after drying the coating was thought 
still to be inferior to that on the other sample. It was there- 
fore decided that one coat of paint made from the smaller 
particles was certainly superior to two coats of the paint made 
from the larger particles. The reason for this difference is 
perhaps to be found in the fact that the pigment precipitated 
from the lead acetate solution consisted of translucent rounded 
particles which seemed to possess no definite crystalline form. 
In  a particle like this, the covering power is due chiefly to the 
rim of the globule and consequently the covering power 
will be less the greater the relative proportion of translucent 
center. Bedsonl says that “white lead is a white, earthy, 
heavy powder, which, from its behavior to polarized light, un- 
doubtedly possesses a crystalline structure. Examined under 
the microscope, it appears to consist of rounded, circular, or 
oval grains. The grains are transparent ; they vary in diameter 
from 0.00~5 to 0.0009 mm.” 

As for the property of working under the brush, it can 
only be stated that the smaller particles seemed to work 
better. A definite statement could be made only after ex- 
periments by an expert with much larger amounts of pig- 
ment. 

Since the small particles make the best pigment so far 
as these tests are concerned, it seemed desirable to make a 
few observations on commercial white leads. On examina- 

~ 

1 “Thorpe’s Dictionary of Applied Chemistry,” 2nd Ed., 3, 287 (1912). 
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tion of some pigments made by processes similar to the Dutch 
process, it was found that the product varied considerably in 
the size of the particles contained; but that the average run 
was probably about 0.0014 mm. It should be noticed that 
it is not necessarily desirable to have the particles of uniform 
size. Approximately circular particles will pack more closely 
and consequently will have greater covering power when of 
two or more sizes than when uniform. 

Products obtained from outside sources may be given as 
follows : 

Eagle White Lead Company: Average size 0.0022 mm; 
composed of rounded and fragmental pieces. 

Acme White Lead Company: Even product averaging 
about 0.0024 mm. 

Matheson White Lead Company: Average size 0.0022 
mm; mostly well-rounded masses. 

Carter White Lead Company: Average size 0.0018 to 
0.0020. mm ; rounded particles uniformly smaller than other 
varieties examined. 

National White Lead Company: Average size 0.0020 

mm; a very scaly product of irregular shapes. 
It was very interesting to note that when equal volumes 

were placed in the sample bottles, the bottles containing the 
smaller and the larger particles could be differentiated by 
weight alone. 

The last experiment was to make some white lead elec- 
trolytically on the laboratory scale. The Woltereck and 
Luckow methods were taken as fairly typical. Data for the 
experiments were obtained as far as possible from the United 
States patents : 

I. Woltereck Patent, No. 589,801 : 
Electrolyte contains 10-15 percent of a mixture of 80 

Carbon dioxide introduced a t  bottom of vessel; solution 

Lead electrodes; current density of one ampere per 

parts CH3C02Na and 20 parts NaHC03. 

stirred. 

square decimeter. 
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Results: Much oxide of lead thrown down with the white 

Size of crystals = 0.002 mm. 
2. Luckow Patent, No. 627,662. 
Electrolyte contains 0.3-3  . o percent of a mixture of 

80 parts NaC103 and 20 parts NaZC03. 
Sodium carbonate added from time to time; solution 

stirred. 
Lead electrodes ; current density of one-half ampere per 

square decimeter. 
Results: Anodes in fairly good condition. 
Size of crystals = 0.0022 mm. 
From these two tests i t  will be seen that the sizes of the 

particles are what one would expect from slow precipitation. 
The fact that the particles are much the same size as those ob- 
tained by the rapid processes does not prove that the electro- 
lytic white lead is as good as the other because no tests were 
made' on the density, the oil absorption, etc. These experiments 
do prove that these two electrolytic methods are not run 
under conditions which give the best precipitate of white 
lead. 

lead; anode badly pitted. 

The general results of this paper are: 
I .  Lead hydroxide can be precipitated with a definite 

crystalline form and the size of the crystals can be varied 
between rather wide limits. 

2. Lead carbonate was not precipitated in any definite 
crystalline form. It is probable that the particles consist 
of aggregates of very small crystals. The size of the parti- 
cles can be varied between narrow limits. 

3. When a mixture of particles of lead carbonate and lead 
hydroxide are allowed to stand together under a sodium 
acetate solution, the particles of white lead have the same size, 
no matter what the size of the particles of the reacting salts. 

4. When a suitable mixture of sodiumhydroxide andsodium 
carbonate is added to a solution of lead acetate, white lead 
is precipitated and the size of the particles can be vaned be- 
tween rather narrow limits. 
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5. White lead thus prepared does not show any definite 
crystalline form ; it seems to consist of rounded translucent 
particles. 

6 .  Rapid precipitation gives smaller particles and slow 
precipitation gives larger particles. 

7 .  The commercial samples and those produced in the 
laboratory by electrolytic means had particles corresponding 
in size to those obtained by slow precipitation. 

8. The oil absorption, as tested, is much less with small 
particles of white lead than with the larger particles. 

9. The paint made from a pigment consisting of smaller 
particles was superior to that produced from a pigment con- 
sisting of larger particles. 

IO. Uniformity in size of particles is not necessarily an 
advantage in a paint. 

The experimental work was done in the spring of 1909; 
but publication has been delayed. The work was suggested 
by Professor Bancroft and was carried out under his super- 
vision. 

Cornell University 


